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m<r>xmt. Gmmm&mizx v. Ttmfrt> 

820IS&, A-f h*9-f K^ffl^StCiO. 820 

mm^mmni.iz. *cD&2<r>mto*mwm&*) 

lWm.2\ B9IBm2<OIg, ££{2Jg3<7)I;g<D^ 

%<bi>~i}<7)i.niz}5^x % mm^mmznm^m 
v-rtizt zimbi-zim® i iztmomK 

[ft£Jl3] friam2oxs. ±tz\wm^3<r>x^ 
mco'j?%< b h-iwxnizti^x . ^.itm^mm 
*conw*t&mz®jg.%mzm&z b zvmbtm 
m 2 \,zm&<r>mm^wmL<7)W&mk. 

o-c ns**Mj£#*$ < %i £ a icpssft-o^ 
■ i b b t& m^m 3 [zw&n&\m^w&w> 

issrjyB-fi.;: s^t-r imm i ftS4<op*o 
wfjT> i mztmnmm^mfonwk-ffiii. 

ft. ^ico±Mfc^2^±®t^^rri»M€ft^^ 

KTftot. HirtBSIl<o±ffl. sgt<tt»2<o±iififij» 

-7Ztix^&zbzmbi-hmm6iztmcom.it 

b tmibThmmnzimnm 

imm9 i tawmmimi^m i <o±h^ l 
< im 2cr>±w<r)^itii)*-'i}<Dmzmm-&iz®.^ 

[0001] 

( I n x A 1 ,Ga,:,.,N' v 0£X V OgY. X+YS 1 ) 

mfccommmb. mvto^#m.tzmt&. 



[0002] 

m&4m&o%m.mmfcbw?m; 

[0003]-*, BflSBMWWfrktH 1 *^:* GaN 

b»o®&i,if>ztixi3t>-r. mmwzimmi^mx' 
[ o o o 4 ] Ga ^mmwm-tmb ix. mm 

^^7-20 226 5^18. #PW7-1 6549 
8#C S "9-7 r 4 T£ lR<0±tc Z n O J; 0 * 6 A <y 7 r 

a> 7-r «*«W»*t6ftW]WEa-Sft 
L^L&aW7r4T^O±lcjfcg$ft& 
ZnOA'>y7r«C03S^ttlili<. fw^ 7 7rl<0i 

mmtiixmzitzzbbmuK 

[00 0 5] 

imwfswLXibtmmi leds^, ld^ 
%im=m<r)$t«cr)m?Tju Mzmzti&mit 

wmt& i b tfx-ztui. znwfcnuzmttmfo 
wmm&mitx. mmtwz^mimmt* 
m&x-z hnx\ tixhxwi&mmwiiiz^ 
mkm^tvx^^^m^mx'^ixo 

&imf&zb£t>&: 

[0006] 

«HK±(c .t-m 1 <0fiMB»*il* J: •) =5: STifilSr 

»#ttfc»Jfc*6JSl«>Igi:, *l<0ie». ^« 
JS^tS^^^ (Metal Organic Vapor Phase Epitaxy M 

T\ MOVPEtv^^. ) CJ;*). T«n*^fria«a 
2oigi:, m2(Dxmm. /w 

(Hydride Vapor Phase Epitaxy:UlT, HVPE^:^^ 
5. ) fci O, »20Hft!IM i »*Mlo±fc:. -5-^2 
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4. 

[0007] MBfll20XSt 4£filli3 OXScT)^ 

fcl/CttS.i ,Ge,Sn, SlfWIVKTE^SrfflVv jff 
4L<<iSi, SntH-Tfi'. 
[00 08] iMJBJI*2tf>IS. i^fitffijR30 
!S«0l*Ic^^<i:t,-*coXStrt5V^T. S-fLfe^ 

[o o o 9 ] § e>tz\ mm§i%fflmmmLfrt>Mix 
x nsronttiu&t/hs < as j 3 1 lt ftntr. at 

■SflSBHNWMHI* ^ y ? ? h J§ k~?h Z k T'# I 

tztmrnm^xv+yrLx. ^vj-ymizwM 
&mxi> s nw*m>&&mmiz k-t Limi com 
itmmmtt:^ mscommmwmmm^. 

[ooio] *%BflTii; mffi3comimmm% 

w.mzmm'fhti#>w*-;skX'Zh. z<m 
mm^x^mmc>Mmm%2it&®£. %i 

'j?%vwx. m&m&}*mmmmm%x'% 

[0011] ^^*^oM^#t^#:fe±. A< r 
9^'H«ffl*JK6fc-J:-»)k*^ H 1 <0iBiii:m 2(0 

±wt ttt&mfcwmfcmgx'h'* x . mzm 1 <o 
±m. m i < am 2 ^mmm&xmt 1 x 1 o* 

fts**w^<^isa^t^<t-*ictt, a4L 

<tt5xio*«/ctfJaT, §^tca*L<(ilxio 

'm/cw?wt. &i>w& t<\t 1 x 1 omycmmrco 

^fe±ffij£^i±ffi^M*>4>5MmiarttL. -£<9 

«) tei oftwrs isawwitE me i own 

$ (plan-view) £ffV\ *0*fi|$S<W%£*&*{> 
[00 12] $4»(^^flfl^^ffdHRI'i. nl 



u^nm^nrnmitmrn^m^^x-mm^mm 

#S4Uv 
[00 13] 

lawoisftwaBiB] mimms^ ^mm&js 
m<o&xnmr&^xwm?&fz#><o, mmemtb 
m.coffi&z*iim®mw:'bz>. miz&^x 

tflR*«*Wt*UT v^l. . 0 1 CSrf «t oizm 1 <0I 
•STtt, M8fflRl±fc, 4^10g«ii#ft«}:9 
&l>T«!ll 2 -?-<0T«!!l2c0±t. ftffilc 

[0014] 382ft 1 liMft%¥gttfcfi&&*m.]: 
DfcSSttfCiMitfir*).]: 3Sic7)T'i>&< . WW . 

■^ryr-ircmcom. rh, AmaMt-t^yr-f 

T, (MgAl 2 0 4 ) OJ:d^r«»^14^ S 

iC (6H. 4H, 3C5r#tf) . ZnS, ZnO. G 
aAs, S i. StmimttK4^&^ 

*7T>?)ViiMtz&WU>m^hZ.b{>X% 6. 
[0015 ]Ttfti2^^li#(:ng3 io^i^r 

<, movpe, mbe, hvpei^ mwmmt** 

[0016] 1 0 comb ixte zcomm 
\^Mi^?>nm^miKb. mumit^^m ( s i 

0,, ) ; Bft^ * '< S "i x N, ) . ( T i 

o x ) , sMt^n-^A (zro x ) mcomit®. m, 

m. itzZtl^commcom. l 200rjJLh^)SL45: 

mi. mfcwmftco&%m.6 0 o-c~i 1 0 o-co 
lOKKtiu, zcommizmimtmfttf&gi,*^ 
i)\ muz<^mzmx^&. ms&zmw 

57 -f -muffrvx , Bfgo»*t#t* 7 * h 

IST'^ S . mm 1 0 tfMBttfcffifcia] d t>«0Ttt£ < . 

§,ifF4L<{ixh5-f 7^^»B«r»jfct S C b *<a 
4 U m 1 TliTtfi® 2 co&zmUiX V?4 Tfcco 
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mzm i &*ti o £.mtt}!z&& mwam i o m 
tarn (my «bb»*. KW&<7)wm£ *)M^<*t 

[0017] ftHR i o *x f 54 rmzmx 

•£\ JSSto|f«l OjumJ2TF» L<li5;um 
WT, gi»*L<{i3/zmJa,T(iiS^-tl.. 10/xm 

WKfflK£**fc*>fcfct SSPOS (Ww) 
© (Ws) coitWs/Wwtt, 1J;9*#<~2 0OT 
fc-tSifctfaaiX. ff*L<ttlOJ3lTfct*.. 
[ 0 0 1 8 ] mz, *Wn<0%2C0XnX'teMQ V P E 

82<3fiflSIW^3*)S«Stf4. 8*2?) 

±T\ Tyh'-7*(7)GaN^L<(inS^ : ^2r H-7* 

[0019] 02feStJ: 3 fc, GM 1 0 Ufc 

b. ftHRl 0^±fc{igfl:ft^f*t*W^, £8 
<0TJWO±tcJS 2 *>aflft¥#fr 3 #fttt£aittl££ 

*¥**fc*5r 0 . 'mSdKMUfitmR 1 0 fe J: ~>XWo 
36(aS»*6GOT*£A^b*2?> 

ofliNMmwMmiwswi'c < s tot****.. &+-e 

jhiO^v^HKKc&i. «rtf)l?l£HVPET' 
ff o fcS2<Q^flft3^^JI^#£<&*4im 
fc*4fcJ6*F4 L.<*< , aMMBTttM O V P ETtf 
p. 

[0020] *»««*ffifctJ V VC . 0 2 fejjcf J: 0 IZ 

SEfcfg 2 fl******* **artrtc«*3«* ft* 
W^&fcLT, 0UtfMOVPEte«t5,i:, fiHbMMiHi 

tfxn*A>it <st*S^3**)..$ : 2 o oojatfcfUt 

t&Zbtmt l\\ m Xw&Mtb VXii 18 0 0 
ttT, § fefcS* L«i 1 5 0 OJKTfcMfrt*-. TPS 

lilOlXt. 36i=SSl«i3 0JBU:. fti#4L< 
tt 5 0 J@Lh WWW-ft . ; <D*/WitO<I# 2 0 0 0 <}: 9 
i>*# H b , &8*^E8»#Og<t!fe^#a<j£il 



mmmixmmzmfcmmmmix. *m 
wmim<oxoiz^xmm±xmtfihtz^ m 
m±mza^x. m&mmm$x'jk**)*t 

W 4fc, tttf^^WitSfl^RSi^f-Ciki o^r 
v\ ft-s-c. ^^Pi^'5rv^2^^ i t i «*«* { 
IfiftT**. 03. H4"CSj**J:3fc, ftBROHIT*- 

[0021 ] MOVPEiTejRJIStfSHK Bg&Otf' 

X&m\\ 3WB0>tiXWt^ TMG (hy****!) 
%M , TEG (hUxf-*#U9iO«a*MGaXr 
X. tma; TMI»<WW|AK *«I n#X£fflV> 

[0022] 4fei^JB2<0^«mWMjSfi+fcfflf 

na^MWiS(i5xl0 l6 /clD?~5xlO 2, 
/cm9<0SffiH"CK-TtSii:*<a4tV\ 5X1 0»b 

/cm3 i o t^^t s2o9fl^imifMi^^ y r 

*. 5xi o.*>/ctf i 9b#V^ » WftiMW*** 

v Ktftfc. tsatt^i < & o . »ftjaft&»iii*t4«i6i 

[0023] $^>{c, m2n&fcwmmznmm®i 
*v~-Tthig&. nrnmrnzwrnsmmi z t 
mti\t\ ^ wmmmwmfrt>mtiiizn 

■oX nSTOflttiUUVhS <=3r5 <k 3 fcittSnTV^ 

&2<nmfcwmwmiznW8&mimz. f 
<r>£o%mtfmtuix^xi>. ttmimnutobXMi 

IX. nS^«!ft*«K«KfcK-rS#uWgfc3Sr*«> 
[0024] H3fc3R^A P fc, %2<r>'mM^ 

mm 3 OA****? , mm±.Tffl]Mzim 

iW2<0Hft«#iW»*«^9^?fcWiT L4 i«Kfc li 
[ 0 0 2 5 ] ^2^S'(b!W i «*a^ftllf(i, ftH 

ximJJUis *<.ff4U<ttl0j«infiU:T«ftS**. 
ft||MoJJ|{»«2<OBfl2limWMrc«d^ 
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Tt+hlkim&U\ 7 0jumj:9*<J«*S'** 
[ 0 0 2 6 ] »3*>Ig"Cli. ![S2*>Sft!Hj¥$ 

ire, hvpe^j:'), m3<?)mitw?mmmm 

H4tt*JH*0)*W*Sl,TVv&-. MOVPET' 
GaN£JWtTtt*3tf*fc, GaNf|ffl#&<&£>$ 

■6l=MIM»LT^«hflUni-(M^tfs i O z ) tH 

i*fet«yhW»tfc«Wlfe*i.:-*HVPEtni, * 
«ME*«m.ovp Ef^ifciKUTftffifJJLhav^-c. .«£ 
Jf 3 0.0. ju m<9JS jbWWWrC* & . «T <0Jt*^P^S 
i ££*<0l*SP*5?Wi < < , ifcfilHK0#jff* 

fcfe, *»W^»3<oiaii, 0 

3 2 oa^ti^^ii 3 sr«aiK±a5^-c 

fcifcaWKU^ H2fc«tJ:dfc s flttaflftMi 

[00 273 HVPETIi, Ga^/MCHC \*fX* 
GaC H-NH 3 -GaN + HC 1 +H 2 

KhKmmhtih. z<r>£o\,z&&xmv&%\^n2 
<nm.mmwn±.\iz. nvpEizx^wmvmsom- 
fcwmm&gzitzk. mmzwvmimfotf 
izbA,b'%<%<o. £mzm&mmmz'j?%^mit 

0, W^tf^fc^ffljg&tflx i OVcrfJaT** 

1 0 0 2 8 3 ^^«30fl^1IMNIfMidtj(4i(Cflriet 
fcS i , S n«a<n3TOHfe* H-Tt & £ b i>X'% 

mi,z5xio^/ct?-^5xio ti /c^<7)^m. %$i 

<«1 X 1 0» Vcm3~l X 1 02°/cm3 b^h. 

[00293 § uzm i\mmt ix . mvmm 



gfimmmzktfmtiw mz. m$mtm 
m^^mi&m^xnmmmsm i 4^<^ix 
oiz3mzti.x^2>zbimtu\ mum2?>mt 
mmm t m t?b tox-m-ft . 

[0030] ^3<0S-fb?S#»«c®^Kff{i 1 0 u mm 
±. Jff*L<tt5 0jumfiUi s 3 4>fc#*L«il 0 0 

*v^, &^mm t 'j?%<%')iz<\ym£i>z. 

±mmiZ®fel%^t,K 1 mm&T bthZbim* 

u\ lmmxmKmz-t&b.mmtmitkm 
nmRbommmmzx*). -)x-a^r,t 
itw ^%mx^3^m*mmm&i£ 
<^ffliizii&if>t>?$>&. 

[0031] mz, wmnmAtoittm. m^m 

2. fiMl 0£Bfc*t6. H5T14»2«)aflSBrti» 
Ogft^SWI 2 * 2 0m mfeLh«)«WtCji»S^ 

eomMzmt^&mimi^ifiht^ m<r> 
mmmmmiz^ mm&mfhm&mmt 
A,b-%<. ^m&xm. mx.81 x 1 <>•/<* h 

mmnm-zz. ^xmrnmrnmsLb-rt 

[0032] 2 H V P 
EKJ;9J&RS*U ^KO±StS2<7)±iBi:Sr#tS 
a-ft%^f*a«T'J>oT, HI com *K»4SH2 
niMmcry^^mifl x 1 O^/cm^mT-C^Si 

bzmb-t&hnx-b&tf. tftgimmmoitn 
x-m< \ m&u&mzt ->x'&t>tit:m%.x'h&z 

i o*m/ctfmnm\twmtomw±Az^mwii 
*mmmLxm?m&bi-&b. miz&&zMtf 
%^mmz^t:%mtii%m?tfx'zs,. mzu-y 

47iz&Kxmm&wmz&ixx^$>t:it>, wRt 
[ 0 0 3 3 ] LX , ®ftes^»^«cs 
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l co±®gL<i482<oMffl<oi ^-Wi^^iBfcasff 

[00 34] 

imkM) immm i ] htv ai Has *5c(c*»» 

7«k 9*&il«&l£ 1 *MO VP ERtfJgSlrtfc-fe •/ h 
U Ja£*5 0 0rtcLT> MW;W#y7A (TM 

g) . ryt-r (nh 3 ) *fflv\ GaNio&SA 

•y7yil (0^1*. ) i200*>SXhv-J>P)m 
Jf 7**3*4. ^y7r«J8«». ffl«* 1 0 5 0*C 

•cj£*s*4. 

■■[00 3 5]TIM2ft«tt. *x-A£RjE88fr& 

7X?JMt, CVDggtJ^XN 7^7111 0/i 
nu Xh?>f7lSli (£8) 2jumtf)S i0 2 J:9&4 

fim 10*0. 5u mam 4 . am 
t o o 3 6] miaxm.m&io&im. »x- 

ASrSSMOVPE^KJB^Sl*lt-fe-y hL. 1&J&*1 
0 5 0'CfcLT. 7>-*-7*0. 2 7mol/min. TM 
G5r2 2 5/imol/min ( V/IIIJt= 1 2 0 0 ) T'T^ 

h'-T-G a n i o %m 2 (ommmwrn 3 * 3 0 
t . @ 2 te^u- J: a t^ffl^«a^*¥®{c^ L-T kb: 
mmm&* < . «^w>m 2 dsmhkhmmi 

*vt^4itf)JiJ5i:A,i:'&a>o*:. 

[0037] (»3<ois> m2nmcwmw®3®. 

»>x-A*HVPEjft»C»aiU-««l:LTG 

a^<^;K hc i#x s -ry*c:T*fflv\ 

G a N J: 'Dft*ft 34Bfl£iftHMOT 4 * 2 0 0 ;u m«D 

7. JS^*^3^^^«sl^^iiBfifif^lSa 
40«^&f EMt^OI** *fc lxi p'flfrrfJEl 

[0038] <»4*>:DH) ifcfc, »>x-A*l3f®^i 

t«12, ffnisio. &2nmm*&#m3zmi 

L » 0 5 fc*7 J: 3 (cm 3 <0gft!8)¥g#JI 4 ogffl* 
SStfi$*. ISKVl 9 5jumco^t;^»«««[i:-r 

4. =5rtJS®«o*gfiXPBt, i x i o*m/c*art'j? 



1 0 0 3 9 ] CHtt0l2 ] mm 1 ^3WXSKt5V^ 

t; HVPEoM^xt^^y^^Sni. &mzs 

i * 1 X 1 0 19 /c# F-7L&#£GaN*J&g$ 

t< g^fcSiSr5xi 0 16 /cm3K-7-UcGaNf: 
SiM£^E*l*{t£GaN*2 0 0jum<7)]g|© 

<e<0ffiuifssfim tH*feUT> fi^ 

[0040] [HSt0!l33IUfiOTl^m2coiSt:tJV^ 

T, MOVPE^IS^X(Cv5y^X*jD^. SlOfc 
S i * 1 X 1 0 19 /cm3 F-7L&#<i>GaN*j£*$ 

X. M&lZS i * 1 X 1 O^/cdi 3 F-7U:GaNfc 

ix. siaa«siattfcGaN*2 0iLcin«)jiwr 

j£*3*4. ^TgSSOIgfcfcUT. S i * 1 X 1 
0 1 Vein 3 F -7 U: G a N * 2 0 0 // mOS&fCJ&g 
5*6. *<0». »4e>Igfc4Hv^ SHSfiu T* 
Jfik ftSIL tJi^lcOgtt^f*:** 1 5/xmK5 

{4. m3<7)g-fk!tM^«ca^i®{i||Mfi»l 1 fcteBrPP? 

lll2<oafl^i^»oeA^Hii. ^3 

i o o 4 1 ] [hm^4 ] hjiw i nmrn^mfo 

<r>mm&*m£LX\^j:\M<nim*±.\ l zL. z<om 

\zw>£ o iztxmfcwmimmmzitxM6iz* 

[oo42] mm i xi%ktuzmwm#mL4<7) 
±t 

( nmnvf? YM2 1 ) Ty^-rfcTMG> ^Mtl 
tfXfcbT^ytfXS-fflVK 1 050rt'Si*3X 

1 0 18 /cm3 H-TUJtG a NJ: 0=5rl. nfijay^ ^ h 
Jfe 5 £ 4 m mcOlSJf TJ««§*S . 

[0043] {?*?vm±M2 2)W.Z. TMG. T 

mi (hu^f-zHv^A) . r^-rsrfflw a 

J^Sr 8 0 0 'C fc I n ,. 06 G a ,. 94 N X 0 9 5 -y 
m±M22i:0. 1 5-jum«)JWC**8**. 5: 

[0044] Xnm? 1 7vm23)WL^X. 1050 
•C-CTMA, TMG, Ty^-TSrfflVX TyK-7*A 

J o: i 6 Ga 0 ; s, N J: 0=5:1)®$: 2 5^-y^X Kn-A^) 
■WpTia»S*v.«V%tT.MA*jh<6'C s y5^J 
»U S i £ 1 X 1 O 19 /^ H-rLfenSGaNJ: 
'0*4** 2 5*>yx Vu-J*<7>m.X'tfgki$-Q:h. 

*tibmz$£.izm®vx®m : ®*®f$.b. mm 

1. 2um<Qmm i £*)%&nm?y vY®23Zj$.% 

§*s, 

[0045] (nfiBIWr-f F«2 4)«V^T. 5^9^ 
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X5rjt«>, 105 0'CT'T>'H--7'GaN < }:0 : 5rl.nffl 
ft#4Kl8£0. lMmWMJfC^^^S. 
Wfctf'f H«2 4 fct2n£PFfi&!|J!i£ F-TfC i&V\ 
[0046] (»1t«2 5) «lc, aK*8 0 0't;fcL 
Ts ryh'-ri n 0 . 01 Ga 0 ,96Ni0^SliMilS:l 
OOjry^Xhn-A^KJfT^S-ti:. fcwCB-a 
J&T\ TVH-n n 0 . 2 Ga 0 . 8 Nj:0^#FlSr4 

&5 2 0*>7Xhv-l><7)&nm z ?#WW& (MQ 

2rfc K-Tl/C t>&< , vvf ft^-^c H-TtT t J: 

mboTfc. #FJf*6fU^TNKJItttb->'C 
fc, & & VttRBJI*6ffi« LT#F«mboT i li 
v\ 

[0047] (pM^^>y7-®2 6) 10 
5 0°Cfc±tf. TMG, TMA, TVt-T^ Cp2M 
g (^o^y^i/XX/I^^S^A) Mg 
£ 1 X 1 0 2 Vcm 3 K-7Lfcpl?A l 0 . 3 Ga 0 . 7 NJ: 
pM^t-v -y TJI 2 6 £ 3 0 0 *>yx Fo-AcO 

[0 04 8] (pfl&BfeXH h'«2 7) Cp2Mg, TM 
A5r±J6, Mg£5x 1 0 16 /cm3 F-7U:GaNj: 
0** pflWWr-f FJB2 7&0. 1 ^ mtf)$|if T«§ 

[0049] (pfflS?5-y FJ128) WWX, T>Y- 
TA 1 o. 16 G a 0 . 84 N i O^IS: 2 5*y?X h n- 
■WORITeiSKS** av»TM«* 1X1 0 1 Vcm3 H 
-7°UcGaNJ:0 : 5:-S.S5:2 5^y^ Fo-A<7)$ 

mcoS^« i 9 p il? :? -y KJi 2 8 

[0050] (piffl3y^^bJ12 9) ». Mg£ 
1 x l 0"/ctf F-rUtpSGaNJcO&Spffl:! 
>?7hM29t:l 5Q%>7?>Vn—J±<7)fflgX'$M 

[0051 ] VXt<OX a (CLTBflSIW^***** 

h« 2 90HBKS i 0 2 J: 9&*ttBR*#ftL 
t> RIE (RfS1t^fjryx.y^y^) Srffl^SiCl 

[00 5 2] S±JI^)P08|ny^^hl2 9(cm 
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